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With the rapid development of nanotechnology and increasingly broad bio-application of engineered nanomaterials, their bio-
hazards have become a serious public concern. It is believed that the chemical nature, particle size, morphology, and surface 
chemistry of nanomaterials are key parameters that influence their toxicity. Although cultured cells have been widely used to 
evaluate nanomaterial toxicity, it remains unclear whether the passage of these cells affects the evaluation results. In the pre-
sent study, Ba/F3 cells transfected with the BCR-ABL gene were subcultured to study the effect of passage number on cell sta-
bility and their cellular responses upon exposure to nanomaterials. The results demonstrated that proliferation, cellular senes-
cence, BCR-ABL gene expression, cell cycle and apoptosis were stable across multiple passages. Senescence and BCR-ABL 
gene expression of cells from different passage cells were unchanged when treated with silver nanoparticles (AgNPs). In addi-
tion, the cells at multiple passage numbers were all arrested in the G2/M phase and apoptosis was induced by the AgNPs. These 
nanoparticles could enter cells via endocytosis and localize in the endosomes, which were also not influenced by passage 
number. These data suggest that short-term passage would not affect cultured cell stability and toxicity assessment using these 
cells would be consistent when maintained appropriately. 
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The potential adverse effects of nanomaterials have become 
a public concern as nanotechnologies have rapidly devel-
oped and various engineered nanomaterials are widely used 
[1]. It is well established that the chemical nature, particle 
size, morphology, and surface chemistry of nanomaterials 
are critical parameters that influence their biological toxici-
ty [2,3]. In vitro cell culture has been routinely used for 
nanoparticle toxicity assessment to provide a useful and 
relatively inexpensive result that could be subsequently 
re-examined in vivo [4]. However, a growing body of liter-
ature has demonstrated that excessive subculturing could 
disturb the properties of some cultured cells over time. Cells 
at high passage numbers experience alterations compared 
with those at lower passage numbers, including cell mor-
phology, response to stimuli, growth rates, protein expres-
sion, and signaling [5–8]. Thus, a critical issue is whether 
the properties of the cells used in testing can be stably 
maintained through passages and whether their cellular re-
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sponse upon nanomaterial exposure is consistent enough to 
evaluate the toxicity of these newly developed agents. 
The principal exposure routes of nanomaterials in hu-
mans are inhalation, ingestion, injection for therapeutic 
purposes, and dermal contact. Following exposure, nano-
particles can be transported to different internal organs of 
the body via blood or lymphatic circulation [9]. Therefore, 
it is important to understand the impact of nanomaterials on 
blood cells. 
Widely commercialized silver nanoparticles (AgNPs) are 
commonly used in wound dressings, catheters, and various 
house-hold products because of their antimicrobial activity 
[10]. AgNPs also have multiple properties, such as an-
ti-inflammation, anti-virus, anti-AIDS, anti-angiogenesis, 
and especially anti-cancer [11–17]. In contrast, several 
studies have shown that AgNPs have strong cytotoxic ef-
fects on normal human cells [18,19]. The potential applica-
tions of AgNPs in medicine are confronted with both op-
portunities and challenges. 
In this study, immortalized murine pro-B Ba/F3 cells 
transfected with the oncogenic BCR-ABL gene (Ba/F3-     
BCR-ABL cells) were subcultured with multiple passage 
numbers to study the effects of passages on cell stability and 
the response to nanomaterial exposure. The proliferation, 
cellular senescence, BCR-ABL expression, cell cycle status, 
and apoptosis of Ba/F3-BCR-ABL cells at various passages 
and their cellular response upon exposure to AgNPs were 
assessed. Our data have demonstrated that short-term pas-
sage did not affect the stability of the cells or their response 
to nanomaterial exposure, which suggests that an in vitro 
evaluation of nanomaterial cytotoxicity with appropriately 
cultured cells would be consistent. 
1  Materials and methods 
1.1  Silver nanoparticle synthesis and characterizations 
In this study, silver nanoparticles (AgNPs) were synthesized 
by a continuous flow electrochemical process, in which 
only polyvinylpyrrolidone (PVP) and two silver rods were 
used as stable agents and electrodes, respectively. The PVP 
was of analytical grade and used without further purification, 
and the purity of the silver rods was 99.99%. The typical 
synthesis process was as follows: first, the silver electrodes 
were polished with ultrafine carborundum paper, and then 
were fitted on the reactor’s cover after being washed with 
absolute ethyl alcohol. Second, the electrolytic solution 
containing 5 mg mL1 PVP was prepared and filled into the 
syringe. Subsequently, the electrolytic solution was injected 
continuously through the inlet tube of the reactor’s cover 
into the reactor at a flow rate of 80 mL h1. The reaction 
temperature was 60°C, and the voltage of 15 V was applied 
to electrolyze the silver rods. During the reaction, the elec-
trolytic solution was stirred with a magnetic rotor, and the 
current direction of the electrodes was alternately changed 
every minute. After the reactor was filled, the product 
flowed out of the outlet tube of the reactor’s cover. Finally, 
the freeze-dried silver nanoparticle powder was obtained 
after filtration, centrifugation, and lyophilization. The mor-
phologies of the silver nanoparticles were characterized by 
transmission electron microscopy (TEM) (JEM-2000EX, 
JEOL, Japan), and the size distribution of the silver nanopar-
ticles was counted. The hydrodynamic diameter and zeta po-
tential of the silver nanoparticles were characterized by dy-
namic light scattering (DLS) using a Malvern Zetasizer Nano 
(Malvern Instruments Ltd., Worcestershire, UK). The final 
silver concentration in the dispersion was determined by in-
ductively coupled plasma mass spectrometry (ICP-MS). 
1.2  Construction and subculture of Ba/F3-BCR-ABL 
cells 
Ba/F3 cells are from an immortalized murine bone mar-
row-derived pro-B cell line, whose growth and proliferation 
depend upon the presence of murine interleukin-3 (mIL-3). 
However, when the Ba/F3 cells were stably transfected with 
p210BCR-ABL, the cells could proliferate without mIL-3 [20]. 
It was expected that a freeze-thaw cycle was a passage of 
suspended cells. The time from recovery to a frozen state 
must be more than three days, and the time from a frozen 
state to recovery must be more than one day. Ba/F3-BCR-      
ABL cells from the 1st, 10th, and 20th passages (P1, 10, 
and P20 cells) were used to study cell stability and the re-
sponse to nanomaterial exposure. All of the cells were cul-
tured with RPMI 1640 (Hyclone, USA) plus 10% fetal bo-
vine serum (FBS, Hyclone) in an incubator with a humidi-
fied atmosphere of 5% CO2 at 37°C. 
1.3  Cell proliferation 
The cells were cultured in 24-well tissue culture plates at an 
initial density of 2×104 cells mL1. The cell numbers were 
counted by a trypan blue exclusion assay.  
1.4  Detection of senescence 
The Ba/F3-BCR-ABL cells were fixed and stained to detect 
SA -gal activity with a Senescence -Galactosidase Stain-
ing Kit (Beyotime Institute of Biotechnology, China). The 
percentage of SA -gal positive cells (blue cells) was de-
termined by counting at least 200 total cells.  
1.5  BCR-ABL gene expression by quantitative RT-PCR 
Total RNA was extracted from the Ba/F3-BCR-ABL cells 
with RNAiso Plus (Takara, Shiga, Japan) and quantified 
with a NanoDrop 2000 Spectrophotometer (Thermo Scien-
tific, USA). The reverse transcription reactions were per-
formed using PrimeScript RT Master Mix (Perfect Real 
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Time, Takara). The newly synthesized cDNA was amplified 
with SYBR Premix Ex Taq™ II (Perfect Real Time, Takara) 
with the ABI 7500 Real-Time PCR System (Applied Bio-
systems, Foster City, CA, USA). The primers used were as 
follows: BCR-ABL primers (forward: 5′-CATTCCGCTG- 
ACCATCAATAAG-3′, reverse: 5′-GATGCTACTGGCCG- 
CTGAAG-3′) and -actin primers (forward: 5′-AACAGT- 
CCGCCTAGAAGCAC-3′, reverse: 5′-CGTTGACATCCG- 
TAAAGACC-3′). The reaction conditions were 90°C for 30 
s and 40 cycles of 95°C for 5 s, 60°C for 31 s. Each exper-
iment was performed in triplicate. Relative quantification of 
the target transcripts from the Ba/F3-BCR-ABL cells at 
multiple passage numbers that were AgNP-treated or un-
treated was determined by quantitative RT-PCR and calcu-
lated using SDS software based on the ΔΔCt method with 
-actin as the endogenous control for normalization. 
1.6  Uptake of silver nanoparticles (ICP-MS) 
Cells at multiple passage numbers were exposed to 12 g 
mL1 AgNPs for 24 h, and then washed three times with 
PBS. An equivalent number (1×106) of cells were digested 
with 64% nitric acid in an electric stove for 15 min. The 
silver concentration was determined by ICP-MS. 
1.7  Intracellular localization of silver nanoparticles 
(TEM) 
The cells were cultured in 100-mm tissue culture dishes 
followed by AgNPs treatment. For the control experiments, 
medium without nanoparticles was used. After 24-h incu-
bation, the cell pellets were washed with PBS, and then 
fixed with 2.5% glutaraldehyde in PBS for 24 h, which 
was followed by post-fixation in 1% osmium tetroxide 
(Agar Scientific, Stansted, UK) for 1.5 h. The cell pellets 
were dehydrated through a series of ethanol concentrations 
(20%, 30%, 40%, 50%, 60%, 70%, and 90%), followed by 
a treatment with 2% uranyl acetate in 95% ethanol (en 
bloc stain) for 1 h and further dehydration with 100% eth-
anol for 1 h. The cell pellets were finally treated with 
propylene oxide (twice for 15 min each), followed by an 
overnight treatment with 1:1 propylene oxide: araldite 
resin, that was infiltrated with fresh araldite resin (3 
changes with a 3- to 4-h interval), and subsequently em-
bedded in araldite resin at 60°C for 48 h. Ultra-thin sec-
tions were cut with glass knives in an ultra microtome 
(LEICA EM UC6, The Netherlands). The sections were 
mounted on copper grids and stained with 1% aqueous 
uranyl acetate and 0.2% lead citrate. The stained sections 
were scanned by TEM (JEM-2000EX, JEOL) for ultra 
structural observations at 80 kV. 
1.8  Cell viability 
Cell viability was measured using a Cell Counting Kit-8 
(CCK-8) according to the manufacturer’s instructions with 
the appropriate controls. The cells were seeded in 96-well 
microtiter plates (1×104 cells/200 L culture medium/well) 
with AgNPs at multiple concentrations. Briefly, 24 h later, a 
CCK-8 solution was added to each well, and the cells were 
incubated for 4 h. Subsequently, the absorbance at two 
wavelengths (450 nm for the soluble dye and 650 nm for the 
viable cells) was detected using a microplate reader (Spec-
traMax M5, Molecular Devices, Sunnyvale, CA, USA). 
1.9  Apoptosis assay 
For the annexin V-FITC/propidium iodide (PI) assays, the 
cells were stained and analyzed for apoptosis by flow cy-
tometry according to the manufacturer’s protocol. Briefly, 
1×105 cells were stained with 5 μL annexin V-FITC and 5 
L PI (5 g mL1) for 20 min at room temperature in the 
dark. The apoptotic/necrotic cells were determined by flow 
cytometry using a FACSCalibur (Becton-Dickinson). 
1.10  Cell cycle assay 
Cell cycle analysis was performed by measuring the DNA 
content of the treated and untreated cells by flow cytometry. 
The cells were cultured in 100-mm tissue culture dishes 
followed by an AgNPs treatment for 24 h. Subsequently, the 
cells were washed with PBS, fixed by slowly adding 2 mL 
of pre-chilled 70% ethanol, and finally stored at 4°C over-
night. The following day, the cells were washed with 
ice-cold PBS and were incubated in RNase A (100 g mL1) 
at 37°C for 30 min, which was followed by staining with PI 
(40 g mL1) at 4°C for 30 min in the dark. Immediately 
after staining, the samples were analyzed with a FACSCal-
ibur (Becton-Dickinson), and the data were re-analyzed 
with FlowJo software (Tree Star, Ashland, OR, USA). 
1.11  Statistical analysis  
A statistical analysis of the obtained data was performed 
using SPSS software (version 16.0), and all of the values 
were represented as the means±SD of more than three in-
dependent experiments. The results were subjected to 
one-way ANOVA using Duncan’s test to analyze the dif-
ference between the treated and untreated groups, in which 
a P-value less than 0.05 was considered significantly dif-
ferent. 
2  Results  
2.1  Nanoparticles characterization 
Silver nanoparticles used in the present study were readily 
synthesized by a continuous flow electrochemical method 
using polyvinylpyrrolidone (PVP) as a capping agent. The 
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results of the TEM illustrated that the typical morphologies 
of AgNPs approximated spheres and were uniform, and the 
average size was 29.7 nm (Figure 1A and B). The UV-Vis 
spectrum also demonstrated that the obtained AgNPs were 
highly mono-dispersed because the absorbance peaks were 
sharp (Figure 1C). The average hydrodynamic diameter and 
zeta potential () of the AgNPs in an aqueous solution were 
(70.0±1.32) nm and (23.0±1.01) mV, respectively, as de-
termined by dynamic light scattering (DLS) (Figure 1D and 
E). 
2.2  Proliferation 
Our data have demonstrated that Ba/F3-BCR-ABL cell pro-
liferation was unchanged among the 1st, 10th and 20th pas-
sages, which indicated that cell proliferation was unaffected 
by short-term passage (Figure 2). 
2.3  Senescence level 
The percentage of SA -gal positive cells (all below 1.5%) 
was not significantly changed among the different passage 
numbers. Interestingly, the senescence level of the cells at 
multiple passage numbers was also unaffected by AgNP 
exposure (data not shown). 
2.4  Relative expression of BCR-ABL gene 
The BCR-ABL fusion gene product is a constitutively acti-
vated tyrosine kinase, which is fundamental in CML patho-
genesis. BCR-ABL stemmed is a result of the t(9;22) recip-
rocal translocation of a segment of the c-ABL gene from 
chromosome 9 to a portion of the BCR gene locus on chro-
mosome 22. When stably transfected with BCR-ABL gene, 




Figure 1  Characterization of silver nanoparticles. A and B, The morphology and size distribution of the silver nanoparticles were characterized by trans-
mission electron microscopy (TEM). The mean diameter was 29.7 nm. C, The AgNPs were characterized by the UV-Vis absorption spectrum, and the max-
imum absorption was 417 nm. D and E, Particles size (diameter) and surface charge in an aqueous solution were measured by dynamic light scattering (DLS)  
and were (71.83±0.74) nm and (23.0±1.01) mV, respectively. 
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Figure 2  Ba/F3-BCR-ABL cell proliferation at multiple passage numbers. 
The cell numbers were compared among cells at multiple passage numbers 
by the trypan blue exclusion method. P1, P10 and P20 denote the  
Ba/F3-BCR-ABL cells at the 1st, 10th and 20th passages, respectively. 
 
 
Figure 3  BCR-ABL gene expression. BCR-ABL expression of the Ba/F3- 
BCR-ABL cells at multiple passage numbers that were AgNPs-treated or  
untreated was determined by quantitative RT-PCR. 
strated that the relative expression of BCR-ABL gene of the 
Ba/F3-BCR-ABL cells was not significantly different 
among the different passage numbers and between the 
AgNP-treated and untreated cells (Figure 3). 
2.5  Cellular uptake of AgNPs 
The cellular uptake of AgNPs was detected quantitatively 
by ICP-MS. The results demonstrated that the uptake effi-
ciency of AgNPs was similar among cells at multiple pas-
sage numbers (Figure 4B). 
2.6  Intracellular localization of AgNPs 
The cellular entry pathway and localization varied with the 
characteristic of the nanoparticles. Even identical nanopar-
ticles had different entry pathways and intracellular locali-
zation across different cell types. The intracellular localiza-
tion of the nanoparticles further determined their biological 
effects. Herein, TEM was employed to analyze the localiza-
tion of the AgNPs in the cells at multiple passage numbers. 
It was shown that AgNPs were localized in the endosomes 
of the cells at all passage numbers (Figure 4A). 
2.7  Cell viability 
The viability of Ba/F3-BCR-ABL cells after a 24-h expo-
sure to AgNPs was determined with a CCK-8 assay, which 
was inhibited by AgNPs in a dose-dependent manner (Fig-
ure 5). In addition, there was no difference in the dose-     
dependent inhibition among cells at different passages. 
2.8  Apoptosis/necrosis 
Ba/F3-BCR-ABL cells at multiple passage numbers were  
 
 
Figure 4  Uptake and localization of AgNPs in Ba/F3-BCR-ABL cells at multiple passage numbers. A, TEM images of ultrathin sections of 
Ba/F3-BCR-ABL cells treated with AgNPs (12 g mL1) for 24 h showed that the particles were internalized and could be sequestered in vacuoles, which 
were visible in the cells as black, and the electron-dense spots are indicated by arrows. B, The cells treated with AgNPs (12 g mL1) for 24 h were digested  
in nitric acid, and the silver concentration was determined by ICP-MS. “+” denotes that cells were treated with AgNPs. 
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Figure 5  Effects of AgNP exposure on Ba/F3-BCR-ABL cell viability at 
multiple passage numbers. After a 24-h exposure of AgNPs at multiple 
concentrations, cell viability was determined with a Cell Counting Kit-8 
(CCK-8). The data were a summary of three independent experiments and 
expressed as the means±SD. * denotes a significant reduction in cell viability  
(P<0.05) compared with the control. 
double-stained with annexin V-FITC and propidium iodide, 
and apoptosis/necrosis was then analyzed by flow cytome-
try. The results demonstrated that the apoptosis level was 
unaffected by the passage. After a 24-h treatment with 10 
g mL1 AgNPs, the apoptosis/necrosis level had not sig-
nificantly increased, which suggests that cells at different 
passage numbers had similar sensitivity to AgNP exposure 
(Figure 6A and B). Using the 1st passage cells, we deter-
mined that AgNPs induced cell apoptosis/necrosis in a 
dose-dependent manner (Figure 6C and D). 
2.9  Cell cycle 
The effect of AgNPs on the cell cycle was also analyzed by 
flow cytometry, and we determined that cells at all passages 
were at similar cell cycles. After a 24-h treatment with10 g 
mL1 AgNPs, the cells at all passages were uniformly ar-
rested in the G2/M phase (Figure 7A and B). Cell cycle sta-
tus and their sensitivity to AgNP exposure were unaffected 
by the passage. In addition, AgNP exposure distorted cell 





Figure 6  Effect of passage number and AgNP exposure on apoptosis of Ba/F3-BCR-ABL cells. A and B, The representative images and summaries of 
apoptosis of the AgNP-treated (10 g mL1) and untreated Ba/F3-BCR-ABL cells at multiple passage numbers are presented. C and D, The representative  
images and summaries of apoptosis of the 1st passage Ba/F3-BCR-ABL cells induced by AgNP exposure at various concentrations are presented. 
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Figure 7  Effect of passage number and AgNP exposure on the cell cycle of Ba/F3-BCR-ABL cells. A and B, The representative images and summaries of 
the cell cycle of the AgNP-treated (10 g mL1) and untreated Ba/F3-BCR-ABL cells at multiple passage numbers are presented. C and D, The representa- 
tive images and summaries of the cell cycle of the 1st passage Ba/F3-BCR-ABL cells induced by AgNP exposure at various concentrations are presented. 
3  Discussion 
Both nanomaterial properties and cultured cell features can 
influence the results of toxicity measurements. Compared to 
the nanomaterials, there are more cultured cell factors that 
could affect the toxicity assessment, among which the pas-
sage number is a significant one. For some types of cells, 
excessive subculturing can disturb their properties. To ob-
tain consistent toxicity test results, it is critical to carefully 
evaluate whether passage numbers can alter the properties 
of the cells used in toxicity testing and whether their cellular 
response to nanomaterial exposure is consistent. To our 
knowledge, systematic studies regarding whether passage 
numbers could affect the stability of cultured cells and their 
response to the nanomaterial exposure has not been availa-
ble. Nevertheless, in addition to passage numbers, there are 
other parameters that could affect cultured cell properties. 
Investigating the potential impact of other factors on cul-
tured cells and their response to nanomaterial exposure is of 
future interest. 
Our results have demonstrated that cultured cells could 
retain their biological properties when maintained appropri-
ately, and the passage itself would not affect the cellular 
response to nanomaterial exposure. Thus, toxicity assess-
ment with such cultured cells could provide consistent re-
sults. In general, the careful selection of cultured cells that 
are stable in culture for long periods is essential for toxicity 
assessment. It is also important for laboratories to have cells 
from multiple normal tissues instead of immortalized carci-
noma cells to evaluate the effect of nanomaterial exposure 
on multiple types of cells. Finally, establishing standard 
protocols to provide cross-laboratory comparisons among 
multiple research laboratories and institutions with cultured 
cells will facilitate nanomaterial applications. 
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